BACKGROUND: It has been suggested that the effects of alcohol on body weight and fat distribution may be influenced by the quantity and type of drink and may differ according to whether the alcohol is consumed with meals or not. OBJECTIVE: We have examined the cross-sectional association between alcohol intake, patterns of drinking and adiposity (body mass index (BMI), waist-to-hip ratio (WHR), waist circumference (WC) and percentage body fat (%BF)). METHODS: We studied 3327 men aged 60-79 y with no history of myocardial infarction, stroke or diabetes drawn from general practices in 24 British towns. RESULTS: BMI, WHR, WC and %BF increased significantly with increasing alcohol intake even after adjustment for potential confounders (all Po0.0001), although the effects were stronger for WC and WHR (measures of central adiposity). Men who consumed Z21 units/week showed higher levels of central adiposity (WHR, WC) and general adiposity (BMI, %BF) than nondrinkers and lighter drinkers, irrespective of the predominant type of drink consumed (wine, beer, spirits or mixed). The positive association was most clearly seen in beer and spirit drinkers; positive but weaker associations were seen for wine. Among drinkers, a positive association was seen between alcohol intake and the adiposity variables irrespective of whether the alcohol was drunk with or separately from meals. CONCLUSION: Higher alcohol consumption (Z21 units/week) is positively associated with general and to a greater extent with central adiposity, irrespective of the type of drink and whether the alcohol is drunk with meals or not.
Introduction
Increased body weight and in particular, abdominal obesity is associated with increased cardiovascular disease risk. [1] [2] [3] Alcohol ingestion suppresses the oxidation of fat, favouring fat storage, and can serve as a precursor for fat synthesis. 4 A number of epidemiological studies in men have reported positive associations between alcohol and body weight and abdominal obesity as measured by the waist-to-hip ratio (WHR) but some have reported no association. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Several factors have been proposed, which may explain the inconsistencies between studies, including the suggestion that the effect of alcohol on adiposity is influenced by type of drink. 4 There is a widespread belief that drinking beer promotes abdominal fat ('beer belly') 6 and that wine has little or no such effect. 9, 14 The few studies that have examined the influence of type of beverage on fat distribution in men have been inconsistent, some showing a positive effect of wine on abdominal fat 12, 15 and others observing no effect or even an inverse effect with wine. 9, 14 It has also been postulated that the effects of alcohol on body weight and fat distribution may differ according to whether the alcohol is consumed with meals or not 7 although data are limited. This paper examines the association between alcohol intake, patterns of alcohol intake and adiposity (body mass index (BMI), WHR, waist circumference (WC) and percentage (%) body fat (%BF)) in a large cross-sectional study of men aged 60-79 y, with particular focus on the effects of quantity and type of drink and on the effects of drinking with or separately from meals.
Subjects and methods
The British Regional Heart Study is a prospective study of cardiovascular disease involving 7735 men aged 40-59 y, selected at random from the age-sex registers of one general practice in each of 24 British towns and screened between 1978 and 1980. 16 The practices were selected to reflect the socioeconomic distribution of men in each town. All men provided informed written consent to the investigation, which was carried out in accordance with the Declaration of Helsinki. Postal questionnaires measuring medical history and lifestyle changes were sent to all survivors 5 y after screening (1983) (1984) (1985) ; Q5), again in 1992 (Q92) and in 1996 (Q96). In 1998-2000, all surviving men, now aged 60-79 y, were invited for a 20th year follow-up examination. The men completed a questionnaire (Q20) providing information on their medical history, smoking and drinking habits, physical activity and occupation, then attended for physical examination, and provided a fasting blood sample. Of the 5565 surviving subjects, 4252 (76.4%) attended for examination. As a result of the strong influence that the diagnosis of CHD, stroke or diabetes is known to have on drinking patterns, 17 and because of the strong association between BMI and cardiovascular disease and diabetes, we have excluded from the analyses 869 men with recall of a doctor diagnosis of CHD, stroke or diabetes leaving 3383 men for analysis.
Alcohol intake
Standard questionnaire (Q20). The men were asked about current frequency of drinking (daily, most days, weekend only, occasional, special occasions only or none) and were asked to estimate the number of alcoholic drinks during an average week. 1 UK unit of alcohol (drink) was defined to the men as half a pint of beer, a single measure of spirits or a glass of wine (approximately 10 g alcohol). Since our earlier reports on these men had shown that BMI is increased at levels of 3 or more drinks a day (Z21 units/week), the men were classified into five groups according to their reported weekly intake: none or o1/week, 1-6/week, 7-20/week, 21-34/week and Z35 drinks/week. Heavy drinking refers to those drinking Z35 units/week (five or more drinks daily). The men were asked to indicate which types of drink they usually took that is, the predominant drinks: (1) beer (N ¼ 1071; 42%); (2) wine (N ¼ 306; 12%); (3) spirit (N ¼ 201; 8%); (4) mixed wine and sherry, beer and spirits (N ¼ 937; 37%) or (5) low alcohol drinks (N ¼ 28; 1%). These groups were mutually exclusive. They were also asked whether the alcohol they drank was usually taken (1) before meals, (2) with meals, (3) after meals or (4) separately from meals. In the analyses, groups (1) and (3) were combined and referred to as before/after meals. A total of 54 men did not provide information on alcohol intake and were excluded. A further 20 men did not provide details on type of drink and 55 men did not provide data on drinking with meals and were excluded from analyses involving type of drink and the influence of meals.
Dietary questionnaire (Q20-7). Information on alcohol intake was also obtained from a 7-day recall diet questionnaire, which was posted to the men for completion prior to attending screening. The men were asked to report the number of drinks of wine, beer and spirits consumed for each day of the week in the previous 7 days as part of a dietary assessment. Intakes of beer, wine and spirits were categorised quantitatively for the individual types of beverages (none/ o1 week, 1-6 drinks/week, 7-20 drinks/week and Z21 drinks/week). The correlation between quantity of alcohol obtained from the standard questionnaire (Q20) and the 7-day recall dietary questionnaire (Q20-7) was 0.82. There was good agreement between the response to the Q20 question on the type of alcohol usually drunk and the 7-day recall of specific beverages drunk (Q20-7). In men who stated they usually drank beer, beer accounted for 79% of total alcohol intake based on 7-day recall. Wine and spirit accounted for 77% of total alcohol intake in those who on questionnaire (Q20) usually drunk wine and spirit, respectively. Among those who usually drunk mixed drinks, beer accounted for 37%, spirit 26% and wine 37% of their total intake. Since information on the time at which alcohol is usually taken in relation to the meal was asked on the standard questionnaire (Q20), we have in the main used reported alcohol intake from the standard questionnaire (Q20) to assess the relationship between alcohol and adiposity. Since the standard questionnaire only had questions on beverage usually drunk rather than the precise quantity for the specific type of drink, we have presented data using two sources of information in assessing the effects of type of drink: (i) beverage usually drunk, that is, predominant type of drink obtained from the standard questionnaire (Q20) ( Figure 1 ) and (ii) data on type of drink from the dietary questionnaire (Q20-7) (Figure 2 ). Data from the dietary questionnaire provides the exact number of drinks reported for each specific beverage and allows quantification of the specific beverage type. This allows us to examine the specific effects of wine, beer and spirits on adiposity in addition to using information from Q20 on the beverage usually drunk.
Dietary intake
Dietary intake was obtained from a detailed 7-day recall food frequency questionnaire (FFQ) that was developed for use in the Scottish Heart Health Study 18 and later for the World Health Organization MONICA survey and was validated against weighed intake in both a Welsh 19 and a Scottish population. 20 Study participants were asked to recall their usual intake during the past 7 days by reporting amounts and frequency of food consumed, which included 86 different food and drinks. Nutrient intakes were calculated by using a validated program that multiplied the food frequency by the standard portion sizes for each food and by the nutrient composition of the foods obtained from the UK food composition tables.
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Potential confounders Details of classification methods for smoking status, physical activity, BMI and social class have been described. 16, 22 From
Alcohol and adiposity SG Wannamethee et al the combined information at initial screening (Q1; 1978-1980) and follow-up questionnaires, the men were classified into five smoking groups: (i) those who had never smoked, (ii) ex-smokers since screening, (iii) smokers at baseline who gave up between screening and 1996 (Q96), (iv) smokers at screening and Q96 who gave up after 1996, and (v) current cigarette smokers at Q20. A physical activity score was derived for each man at Q20 and the men were grouped into six broad categories: inactive, occasional, light, moderate, moderately vigorous and vigorous. 22 The longest-held occupation of each man was recorded and coded in accordance with the Registrar General's occupational classification into six social class groups: I, II, III nonmanual, III manual, IV and V. The Armed Forces formed a separate group.
'Other' pre-existing cardiovascular disease The men were also asked about a doctor diagnosis of heart failure, 'other heart trouble', aortic aneurysm, claudication, deep vein thrombosis or pulmonary embolism. 'Other' preexisting CVD included men with a history of any of the above conditions.
Anthropometric measurements
The anthropometric measurements at re-examination included height, weight, waist and hip circumference and %BF. Subjects were measured in light clothing. Height and weight were both measured standing. Height was measured with a Harpenden stadiometer to the least complete 0.1 cm and weight with a Soehnle digital electronic scale to the last complete 0.1 kg. BMI (weight/height 2 in kg/m 2 ) was calculated for each man. BMI was not available in 10 men. Waist and hip circumferences were measured in duplicate with an insertion tape (CMS Ltd London); hip circumference was measured at the point of maximum circumference over the buttocks. The waist measurement was taken from the midpoint between the iliac crest and the lower ribs measured at the sides. WHR was calculated as WC divided by hip circumference (cm). Adjustments were made for the observer variation in WHR measurements. WC was not available in 16 men and WHR was missing in 19 men. %BF was estimated using bioelectric impedance method measured with the Bodystat 500 apparatus and applying the equation of Deurenberg et al. 23 Fat-free mass was calculated as 6710 Â height in metres squared/resistance in ohms þ 7. %BF was calculated as [body weightÀfat free mass]/body weight. Data on %BF were missing in 108 men. Of the 3329 men with data on alcohol, 3327 men had at least one anthropometric measurement. WHR and WC were used as measures of abdominal (central) adiposity. BMI and %BF were used as measures of general adiposity. High WC was defined as WC 4102 cm. 24 Obesity was defined as BMI
Statistical methods
Analysis of covariance was used to obtain adjusted means by alcohol categories using the PROC GLM procedures of SAS version 6.12;. SAS Institute Inc., Cary, NC, USA. In the adjustment smoking (five groups), social class (seven groups) and current physical activity (six groups) were fitted as categorical variables. Age, total fat intake and total nonalcohol calories were fitted as continuous variables. 
Results
In the 3327 men free of CVD or diabetes with data on alcohol intake and at least one adiposity measurement (BMI, WHR, WC, %BF), the mean (s.d.) BMI was 26.8 (3.6) kg/m 2 , the mean WC was 96.8 (10.2), the mean WHR was 0.945 (0.06) and the mean %BF was 34.8 (8.1). Mean total calorie intake increased significantly with increasing alcohol intake ( Table 1) . There was little difference in intake of nonalcohol calories between the alcohol groups. Nondrinkers and heavy drinkers had higher total dietary fat intake than other alcohol intake groups.
Alcohol intake was significantly and positively associated with age-adjusted mean BMI, WHR, WC and %BF (Table 1) . Adjustment for confounders including smoking, physical activity, 'other' pre-existing CVD, social class, dietary total fat and total nonalcohol calories strengthened the associations with both BMI and WHR. Prevalence of obesity (BMI Z30 kg/m 2 ) increased slightly (nonsignificantly) with increasing alcohol intake but the percentage of men with high WC (4102 cm) increased strongly and significantly with increasing alcohol intake. Comparisons of standardised regression coefficients (see Subjects and methods) showed the effects of alcohol on adiposity to be greater for abdominal adiposity (WHR and WC) than for general adiposity (BMI and %BF) ( Table 1) . Further adjustment for WHR attenuated the positive relationship between alcohol and BMI, although the trend remained significant (P ¼ 0.02).
The positive association between alcohol and WHR remained after adjustment for BMI (P ¼ 0.002).
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The relationships between total alcohol intake and the adiposity variables were very similar when the 7-day recall of alcohol intake was used.
Quantity and type of drink and relationships of alcohol intake to meals Light drinkers were far more likely than others to drink with their meals (Table 2) . Heavier drinkers were less likely to drink with meals. Men who reported drinking wine (predominantly or mixed) were far more likely to drink with meals than those who usually drink only beer or spirits. Spirit drinkers were least likely to drink with meals.
Type of drink and time of meal Wine drinkers had significantly lower average consumption, lower total nonalcohol calorie intake and dietary total fat intake than each of the other drinking groups (Po0.05) ( Table 3) . Beer drinkers had the highest dietary total fat intake. Men who drank with meals tended to have lower total calorie and dietary total fat intake than men who drank separately or before or after meals. We examined the differences in mean adiposity by types of drink usually drunk and by time of alcohol consumption with meals in regular drinkers (41/week) using beer drinkers and those who drunk with meals as the comparison groups. Wine drinkers showed significantly lower BMI but not WHR, WC or %BF compared with beer drinkers after adjustment for confounders. Those who usually drank with meals had significantly lower mean levels of BMI and WHR than those who drank separately from meals and lower levels than those who usually drank before/after meals. Since wine drinkers were more likely to drink with meals and were more likely to be lighter drinkers, adjustment for relationship with meals attenuated the difference seen for BMI between wine and beer drinkers and the difference was of marginal significance. Further adjustment for amount and type of drink made minor differences to the relationships seen between patterns of drinking in relation to meals and the adiposity variables. 
Amount of alcohol, predominant/usual type of drink and adiposity When examined by predominant type of drink, for example, beer, wine, spirits and mixed, the positive association between total alcohol intake and BMI was seen for all types of drink although it was less apparent for wine drinking ( Figure 1 ). As a result of the small number of men who drank predominantly wine or spirits, in particular those whose total intake was 421 units (38 and 30 men, respectively), we are primarily interested in the pattern of relationship rather than the statistical significance of the trend within each preference group. A positive association was seen between weekly alcohol intake and WHR, WC and %BF for all types of drink. All moderate/heavy drinkers (Z21 drinks/day) irrespective of type of drink showed higher adiposity levels than those consuming o1 drink/week. There were no heavy wine drinkers (Z35 drinks/week) in the study but moderate wine drinkers (21-34 drinks/week) showed higher levels of adiposity (BMI, WHR, WC, body fat) than nondrinkers, whereas lighter wine drinkers (7-20/drinks week) showed lower adiposity levels than nondrinkers, although these differences were not statistically significant (Figure 1 ). Formal tests for interaction to see whether the relationships between alcohol and measures of adiposity differed by type of drink were not significant (P ¼ 0.80 for BMI, 0.53 for WHR, 0.65 for WC and 0.47 for %BF).
Specific types of drink
We have also examined the effects of type of drink using alcohol data from the 7-day dietary assessment (Q20-7), which enabled us to determine the quantity drunk of each specific beverage (Figure 2 ). In all, 57% (N ¼ 1906) of the men reported drinking beer, 43% (N ¼ 1445) wine and 41%
(N ¼ 1362) spirits. As the categories were not mutually exclusive, the relationship between weekly amount of wine, beer and spirits was examined in relation to the adiposity measures adjusting for potential confounders, time of meal and each of the other type of drink. The patterns were similar to the findings in Figure 1 based on the predominant type of drink. Those drinking Z21 drinks/week, irrespective of type of drink, showed higher central adiposity (WHR and WC) and %BF than lighter drinkers, although the effect was most marked for beer drinking. The number of men drinking more than 21 drinks/week of wine or spirits was small (66 and 67 men, respectively) and the trends were only significant for beer drinkers (Po0.001) except for WHR, which was also significant in spirit drinkers. For BMI little association was seen with wine.
Amount of alcohol, time of meal and adiposity
We examined the relationship between total alcohol intake and adiposity in relation to meals adjusting for potential confounders and predominant type of drink ( Figure 3 ). Among drinkers, the positive association between usual alcohol intake and adiposity was seen irrespective of time relation to meals, although the effect was more marked in those who did not usually drink with their meals (test for trend all Po0.05 in men who drank after/before and separate combined). In men who drank with meals the test for trends were P ¼ 0.13 for BMI, P ¼ 0.04 for WHR, P ¼ 0.11 for WC and P ¼ 0.001 for %BF. However, formal tests for interaction to see whether the effects of alcohol differed between drinking with or separately (separate and before/after groups combined) from meals was not statistically significant for any of the adiposity variables BMI (P ¼ 0.44), WHR (P ¼ 0.28), WC (P ¼ 0.78) and %BF (P ¼ 0.97). 
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Discussion
Most studies report that alcohol energy is usually added to total food energy as seen in this study. 7, 25 We have observed a significant positive association between alcohol intake and general adiposity (BMI and %BF) and central adiposity (WHR and WC). The positive relationship between alcohol and BMI Figure 2 Weekly alcohol intake of specific drinks (beer, wine, spirits, mixed) and adjusted mean BMI, WHR, WC and %BF. Adjusted for age, social class, smoking, physical activity, 'other' pre-existing CVD, dietary total fat intake, time taken with meal and other types of alcohol.
Alcohol and adiposity SG Wannamethee et al in these older men is consistent with our previous report carried out when these men were in middle age. 13, 26 The present study extends the findings and examines the patterns of drinking as well as other important measures of adiposity including %BF, WC and WHR. The relationships between alcohol and general adiposity and central adiposity were seen for all types of drink. It was most apparent for beer drinking and was independent of meals, although there appeared to be a stronger effect of alcohol on body weight in men who drank separately from meals. However, we could not confirm a significant difference in the alcohol-adiposity relationships in relation to time of meal.
Alcohol and body fat distribution
Evidence from a number of studies suggest that in drinkers, fat is preferentially deposited in the abdominal area. 7 . In contrast to the cross-sectional relationship between alcohol and body weight, which has been found to be almost equally positive or nonexistent in men and negative in women, [5] [6] [7] [8] more recent studies tend to report positive associations between alcohol and body fat distribution. In the French MONICA study, alcohol consumption was positively associated with WHR independently of BMI in both men and women. 12 Positive associations have also been reported in studies from Switzerland, 10,27 US men and women, 9, 15, 28 Italian women 29 and in Japanese men. 11 Some studies have observed stronger association between alcohol and central adiposity as measured by the WHR than with BMI. 11, 12 We have observed a positive relationship with both central and general adiposity but the effects as measured by the standardised regression coefficients were greater for WC and WHR than for BMI and %BF, and the increase in percentage of men with large WC was more marked than the increase in rates of obesity as measured by BMI. The relationship with BMI was attenuated after adjustment for the WHR, although it remained significant, suggesting that alcohol is more associated with abdominal obesity than with general obesity.
Type of alcohol and adiposity It has been suggested that the type of alcohol consumed might explain the discrepant results in studies of alcohol and adiposity. The common belief is that drinking beer promotes abdominal fat distribution and that wine in contrast has no Alcohol and adiposity SG Wannamethee et al effect and may even have beneficial effects on metabolism. 6, 9, 30 Some studies have reported differing effect of type of beverage on body weight and fat distribution 9, 11, 25, 31 while others have not. 12, 13, 15 In a large US study of men and women, beer drinking (6 drinks/week) was positively associated with increased WHR compared to nondrinkers, whereas wine drinking (6 drinks/week) was inversely related to WHR. The findings were regarded as supporting the popular concept of the 'beer belly'. 9 By contrast, in another US Study (CARDIA) beer, wine and liquor were all positively associated with WHR in white men. 15 In the French MONICA study where wine was the main source of alcohol (67% of intake), alcohol consumption was positively associated with WHR in men and women. 12 Our findings of a positive relationship between alcohol intake and adiposity measures irrespective of type of drink support the suggestion that alcohol per se rather than any alcoholic beverage consumption is associated with increased abdominal fat deposition. 12 Prospective studies on the effects of alcohol on weight gain and central adiposity by type of drink are sparse. The Copenhagen City Heart Study reported high consumption of beer and spirits to be associated with increased WC whereas moderate to high wine consumption was associated with lower WHR. 14 The differences in findings between studies may be associated with unrecorded differences in lifestyle or differences in nutritional characteristics between wine, spirit and beer drinkers or to the level of drinking in the population. It appears that central and general adiposity is increased at 3 or more drinks a day. In many studies including our study, the number of heavier wine drinkers is very small (Z21 units/ week) and this may explain the lack of positive effect in wine drinkers. There has been suggestion that wine drinkers may take their alcohol more frequently with meals than other drinkers and consume it more slowly which in turn may have lesser effect on adiposity. 7 Regular alcohol use at meals may increase total energy expenditure by potentiating normal-dietary-induced thermogenesis. 7 Data on patterns of drinking in relation to meals are limited. We observed that wine drinkers were more likely to drink with meals than other drinkers but total alcohol intake (Z21 drinks/week) is positively associated with adiposity irrespective of whether the alcohol is usually drunk with meals or separately and is thus unlikely to explain the differences in finding between studies. Wine drinkers in this study tended to have lower total fat intake than other drinkers which is in consistent with other studies. 32 The lack of heavy wine drinkers and the multiple healthy lifestyle characteristics associated with light to moderate wine drinking 32, 33 is more likely to explain why many studies have shown no association or even inverse associations for wine.
Mechanisms
The mechanisms involving alcohol and abdominal fat deposition are not clearly established but endocrine changes reflected by various hormonal changes including increased cortisol secretion appear to be involved. 34, 35 These hormones are involved to a certain extent in the regulation of energy balance and affect fat-tissue enzymatic activities, which may promote abdominal fat deposition. 7 
Limitations
Although the study is a prospective cohort investigation, the present findings are based on cross-sectional associations and it is not possible to infer cause and effect from the present analyses. Data on WC, WHR and %BF was only available at re-examination. However, previous prospective data from this cohort have shown that moderate/heavy drinkers (Z3 drinks/day) have significant increase in 5-y weight gain as measured by BMI compared to none/ occasional drinkers, suggesting that heavier drinking predisposes to increased adiposity. Although the cross-sectional data from the present study are based on 77% of survivors, the mean BMI as measured at initial screening of those who attended re-examination and nonattenders were almost identical, although heavy drinkers (46 drinks/day) and nondrinkers were less likely to attend. 36 Although the prevalence of nondrinkers and heavy drinkers may be lower this should not greatly affect the alcohol-adiposity relationships. The positive association between alcohol and adiposity in this study is unlikely to be due to selection bias.
Conclusion
In this cross-sectional study, higher total alcohol intake (Z21 units/week) is associated with increased adiposity and the effects appear to be greater for abdominal adiposity (WC) than for general adiposity (BMI). The positive association between alcohol intake and adiposity is seen irrespective of type of drink or time in relation to meals although the greatest effect appeared to be seen with beer drinking (Z3 drinks/day). There is no evidence that wine protects men from abdominal fat deposition.
